Telehomecare is considered one of the most successful applications of telehealth. However, despite increasing evidence of telehomecare benefits, the diffusion of these services is still limited. Decision-makers need strong evidence in order to expand the development of telehomecare to various populations, regions, and health conditions. The objective of this review is to provide a basis for decision-making by identifying common indicators from the literature on telehomecare. A comprehensive review of the literature on the cost-effectiveness of telehomecare was conducted in specialized bibliographic databases. A total of 23 studies met the inclusion criteria. First, selected studies were analyzed to identify and classify the indicators that better addressed the costeffectiveness impacts of telehomecare projects. Then, a synthesis of the evidence was done by exploring the relative cost-effectiveness of telehomecare applications. The analyses show that there is fair evidence of cost-effectiveness for many telehomecare applications. However, the heterogeneity among cost-effectiveness indicators in the applications reviewed and the methodological limitations of the studies impede the possibility of generalizing the findings. This suggests the need for a set of common indicators that could be applied for assessing the costeffectiveness of telehomecare projects. This review provides knowledge on the indicators available for assessing cost-effectiveness in telehomecare projects. It appears that the specific context in which the projects take place, meaning different patients, environments, technologies, and healthcare systems, should be taken into account when selecting indicators for assessing telehomecare cost-effectiveness.
Introduction
Telehomecare (THC), the application of telemedicine technologies to the home environment, 1 is one of its most successful applications. However, despite increasing evidence of THC benefits, its diffusion remains limited in part due to a lack of evidence about the most relevant tools for its assessment. 2 In that sense, economic analysis has been included in health evaluation with the aim of supporting healthcare policy and organizational decision-making. 3 As a consequence, costeffectiveness analyses have gained an important role in the assessment of health interventions and THC projects are no exception to this tendency. Nevertheless, there is scant evidence found in the literature about the main indicators used in THC projects evaluation.
The objective of this paper is to systematically review the cost-effectiveness indicators that have been most commonly used to measure the impact of THC in order to identify and provide reliable indicators that could guide further projects assessment.
Economic Tools to Assess Health Interventions
Different approaches have been used for assessing the economic impact of telehealth projects with diverse levels of acceptability. Jester and Hicks 4,5 and Dixon 6 identify three methods to calculate the cost-effectiveness between two health interventions: costminimization analysis (CMA), cost-benefit analysis (CBA), and cost-effectiveness analysis (CEA). Reardon 3 also identifies the return of investment, and the functional economic analysis to be used in telemedicine projects.
CMA assumes that both alternatives (THC and standard care) have the same effectiveness in terms of health outcomes, but that they are different in terms of costs. In CMA, changes in costs are considered but health outcomes are kept unchanged. This assumes that, for instance, THC and standard care have the same reduction in hospitalization days, but that their cost differs, so decision-makers have to consider only the differences in costs to decide which alternative is less expensive.
CBA acknowledges that very few projects are equally effective but different in costs. Thus, changes in costs and health outcomes are considered simultaneously by giving a monetary or numeric value to the changes in health outcomes. Although this method takes into account changes in both variables, the idea of giving numeric values to outcomes such as patient satisfaction or quality of life is not always acceptable for decision-makers in the healthcare field.
CEA appears as a solution to this issue since it measures the benefits in nonmonetary terms. In CEA, each outcome is defined according to its specific unit so the final ratios will show a relation between economic and health outcomes. Therefore, the final decision will depend on the ratio that the decision-maker considers the best. 3, 6 CEA compares the cost and health outcomes of an intervention to assess whether it is worth doing from the economic perspective. 7 This arises from the concept of opportunity cost, that is, the value of resources given up in a decision. 3, 7 This definition accepts the fact that there is always a trade-off in a decision between two alternatives. Hence, whatever may be the final choice would always represent a "sacrifice." In economic terms, a sacrifice is understood as something valued that is given up. 3 In THC projects, given resources are usually monetary and received benefits are in terms of health outcomes. As such, the idea is to select the option that represents the smallest sacrifice.
CEA implies the selection of a unique outcome to be measured in terms of benefits and costs. 3, 6 Represented as a ratio-the incremental cost-effectiveness ratio (ICER)-this corresponds to the sum of all benefits in medical terms as the denominator, and the costs incurred to obtain those benefits as the numerator. The United States Public Health Services Consensus Panel 8 provides a theoretically consistent cost-assessment framework for CEA, which implies:
•
Defining a cost or resource allocation decision, including decision-making objectives, and defining the program or intervention;
• Determining the decision model of costs and benefits;
• Specifying data and measures;
• Performing appropriate statistical, modeling, and sensitivity analyses;
• Reporting results understandable by decision-makers and researchers.
This methodology highlights the sensitivity of the CEA to the specific context. 7 As an example, a special type of CEA, the cost-utility analysis, has used the quality-adjusted life years as an outcome. [9] [10] [11] Suppose a CEA with an ICER of $10,000/life year gained and one of $25,000/life year gained for the standard care and THC project, respectively. Even though the first impulse is to select the first option (the cheapest one), there are other restrictions (such as shortage of beds or professionals in the hospital) that could shift the decision-maker in the other direction.
Measuring Cost-Effectiveness in THC Projects
Before reviewing cost-effectiveness indicators of THC projects, some aspects have to be considered. Thus, we provide a framework to synthesize THC cost-effectiveness indicators based on the following questions.
1.
Is this really a THC project?
• System design. Is the system designed to let the patient stay at home? If the intervention includes any movement from the patient's home, it is not considered THC. We also considered nursing homes as "patient's home" in THC projects.
• Technology. In some studies, telehomecare included telephone monitoring or triage systems. [12] [13] [14] According to Britton et al., 1 telephones, arrhythmia monitors, and pacemaker monitoring devices are not currently considered as telehomecare systems.
2.
How should the indicators be selected?
The indicators should be selected and interpreted according to the following:
• Decision-makers. Who is going to use these indicators to make a decision? The type of decision-maker (government, hospitals, home care agency, researcher, etc.) determines the variables involved and the values assigned to the costs and benefits. This is why cost-effectiveness indicators in THC are hard to generalize. Decision-makers will also determine the levels at which cost-effectiveness will be measured: Would it be an organizational or a societal perspective? 6
• Objectives. The indicators must be considered according to the context of the decision, which implies that each indicator must align with the project's objectives. 3
• System design. What are the technology and the transmission media used? If the program implies the use of phone lines, indicators should be interpreted differently than for a video-based system. For instance, if two projects measure visit time for the professionals, it could be expected that more time will be spent with a phone-based system if the patient has to describe a wound. In this case, it would be inappropriate to compare a phone-based alternative and a video-based alternative.
Methods
A systematic literature search was conducted using the following electronic databases: MEDLINE, PUBMED, EMBASE, COCHRANE, CINAHL, PROQUEST; and two databases for economic papers: RePEC, and EconLit. The inclusion criteria were: Period from January 1997 to October 2007; Language: English; Population: all patients and professionals. Only documents for which full text could be obtained were reviewed.
Key words included telemedicine and telehomecare terms in the first set, and economic terms in the second set. The search strategy was very sensitive, including roots and variations of these words. Some of the abstracts and full-text documents were searched by traditional Web searchers such as Google.com, and documents that seemed to be relevant but did not have a digital version were hand searched.
Results

DESCRIPTION OF TELEHOMECARE STUDIES
The search strategy yielded 9,978 papers. After eliminating duplicates, the final database contained a total of 5,219 papers. These papers were reviewed by title and categorized in the following categories: not relevant at all; not about THC; THC but no cost analysis included; THC and costs included but no indicators; and potentially relevant, with a total of 1,020 potentially relevant papers. The abstracts of these papers were read carefully and categorized again according to criteria described above, yielding 79 potentially relevant papers for which full-text documents were obtained. As presented in Figure 1 , we applied specific exclusion criteria and papers reporting theoretical studies, systematic or literature reviews, studies based on simulation data only, and projects in which technology design did not fit the THC definition (for instance, projects that used only a telephone call as the monitoring system) were rejected. Finally, 23 papers 15-37 met the inclusion criteria and were included in the review (Fig. 1 ).
Sixteen studies (70%) were from the United States. Other studies were from Canada (2), China (2), Germany (1) Fifteen studies (65%) were randomized controlled trials, three (13%) were longitudinal observational studies, two (9%) were case controlled trials, two (9%) were retrospective studies, and one (4%) used cost comparison from databases. Thirteen studies (57%) adopted a quantitative approach while the rest (43%) used a mix of quantitative and qualitative approaches. Twelve studies (52%) made a comparison between THC and traditional homecare, while remaining studies compared THC and other types of care, such as outpatient or inpatient care that does not imply a service in the patient's home.
Health services were most frequently dedicated to elderly (48%) or adult patients (35%). The diseases that were targeted by THC are shown in Table 1 . Congestive health failure and diabetes were the most targeted diseases. Fourteen (61%) studies covered only one disease while six (26%) covered more than three diseases. From the studies reviewed, it seems that THC has been mostly (83%) used as a complement or replacement for chronic healthcare.
Teleconsulting was the most common type of THC service used (39%), followed by telemonitoring (35%). One study (4%) focused on telerehabilitation while the others included a combination of telemonitoring and teleconsulting. The most common providers of the THC service were nurses (Table 2) . Eleven studies (48%) involved two caregivers in the THC project, usually a nurse and a physician, and five studies (22%) included more than three care-givers. This was the case when multiple specialists were involved due to the type or number of diseases covered by the project. At the technological level, the design of the THC projects included a combination of multiple devices (stethoscopes, blood pressure and glucose meters, etc.) with direct data transmission through telephone (52%) or videophones (48%). The most common transmission media were telephone lines (73%) and Internet (32%). Table 3 shows the level at which cost-effectiveness was measured. The indicators related to patients and organizations were the most frequently reported in THC projects.
PATIENT SATISFACTION
Fourteen (61%) studies measured patient satisfaction. Among those, eight (57%) found that THC was preferred to other alternatives by patients; five (36%) studies showed that patients were indifferent between both alternatives, and one study (7%) did not provide any results. Tables 4 and 5 report the effectiveness and cost indicators used for assessing THC projects. The expected impact of THC on each indicator is reported in the second column. References to studies in which the expected impact was found (Yes), not found (No) and those for which no measure of impact was provided or that showed inconclusive results (NS) are presented in the third, fourth, and fifth columns, respectively.
COST-EFFECTIVENESS INDICATORS
We found that some studies expected a different impact for the same indicator. For instance, Pare et al., 34 Biermann et al., 18 and Johnston et al. 29 expected a higher number of telephone interventions because of the system design and patient's anxiety, whereas Jerant et al. 28 expected a reduction in this indicator due to a higher level of care that made telephone interventions unnecessary. Furthermore, some indicators (for example, miscellaneous costs) are usually shared for both alternatives; thus, no specific impact was expected. Finally, quality of life was found in only eight studies as an effectiveness indicator. As shown in Table 4 , THC increased or did not impact the quality of life of the patients in all those studies.
To provide an overview of THC cost-effectiveness, we considered the average change in cost-effectiveness indicators for each study. To do so, a global change score was calculated from the information provided in the paper. This score represents the average change found across all effectiveness indicators used in each study. Table 6 provides an example of the calculation of the global change score. This example compares two effectiveness indicators (number of outpatient visits and number of home visits made by healthcare professionals) between THC and standard care (SC). The percentage of change for each indicator is calculated by this formula:
The global change score represents the mean change for these two indicators.
It is important to consider that a negative change represents a benefit in that case, since a diminution in the number of visits favors THC over SC. So, the global change score is reported in absolute value.
We decided to apply this methodology since each indicator used different measures (km, days, minutes, etc.), which made impossible to add them up, as suggested in the literature. 3, 6, 7 This led us to take into account the number and sign (±) of the variables for each study.
For the cost indicators, we used only the change in the total costs for each alternative since the individual change in each cost indicator is not as relevant as the change in the total costs. Given that some studies did not find statistically significant differences between the alternatives, two tendency lines were drawn.
Barnett et al. 16 was the only study that calculated an ICER, using the QALYs as the only effectiveness indicator. As this study only provided the ICER, it did not show effectiveness or cost changes; thus, it was excluded from the synthesis presented in Figure 2 . Noel and Vogel 32 made a cost-minimization analysis, so the changes in effectiveness indicators were mentioned but not as a number. Thus, it was not possible to compute a percentage of change, and this study was also excluded from Figure 2 . Figure 2 represents the four possible scenarios for a THC project. In the first quadrant (upper right), the best scenario, there are substantial savings in costs and an increase in effectiveness indicators. The opposite of this scenario is the third quadrant, which corresponds to an expensive and not effective alternative. The second quadrant represents alternatives that are cheap but not effective, which is not desirable for health interventions. Finally, in the fourth quadrant, the effective but expensive alternative could be chosen if the decision-maker is willing to pay a higher cost, perhaps because of other potential benefits of the project or because external or intangible variables are taken into account. Seventeen (91%) studies belong to the first quadrant, and only two (9%) are found in the second quadrant. Tendency lines show a direct relation between higher benefits and higher costs savings, which are more pronounced when excluding results that are not significant.
Two studies concluded that THC reduces costs but is not effective. 22, 28 In Jerant et al., 28 a comparison was made between an intervention group with THC, one with telephone calls, and one with standard care. As a result, THC was more effective than standard care but telephone care represented a higher increase in effectiveness, so the investments were recovered in a shorter time. In Dawson et al., 22 the system was designed to include home visits and video visits. At the end of the project, the number of home visits was higher than before the THC project. Even though this was a benefit for the patients, it was not in the direction expected by the researchers.
COST-EFFECTIVENESS INDICATORS OF THC
A general conclusion from the results above is the lack of a set of common indicators that have been applied in all THC studies. However, some effectiveness and cost indicators are found present in several studies. For these indicators, most of the studies found an impact in the expected direction. This could be interpreted as the reliability of the indicator since it shows a tendency in the indicator's behavior even though it is applied to different projects. The cost and effectiveness indicators most frequently used are shown in Table 7 .
Discussion
Our results show that in recent years, economic analysis has risen in the field of THC since all papers but one were published after 2000. It is also worth noting that the majority of these studies are from the United States. This is important since most studies took place in home care agencies, which are usually government supported. In that sense, the conclusions of these studies have an impact not only for healthcare organizations, but also for the public healthcare system as a whole.
THC resulted to be a cost-effective alternative in 91% of the studies. Main THC benefits included: decreased hospital utilization; improved patient compliance with treatment plans; improved patient satisfaction with health services; and improved quality of life. THC also improved cognitive status, cognitive level, and self-rated health status. The studies also found disadvantages related to THC, such as technical problems and reluctance from patients, caregivers, nurses, and physicians. 25 However, we found that although the papers promoted benefits of CEA, the number of variables studied, the methodologies followed, and the interpretation of the results are far from providing the basis to make a good decision. Indeed, results show a tendency for THC cost-effectiveness, but they certainly do not allow for a generalization of the conclusions. CEA implies the selection of a unique effectiveness indicator to then measure the cost of such benefit to calculate a ratio (ICER). We found only one study that calculated the ICER. 16 CEA methodology also suggests amortizing equipment costs and conducting a sensitivity analysis; both aspects were barely covered in the studies.
Moreover, it would be desirable to have a set of indicators common to all THC studies in order to make easier comparisons between projects. To get a general picture of costeffectiveness across the studies, we have considered the overall effectiveness of the THC project by calculating a global change score. To do so, a simple methodology was developed in order to compare the cost-effectiveness across different studies. However, due to the great heterogeneity between THC applications tested and cost-effectiveness indicators, it was not possible to calculate any effect size, as required for a meta-analysis. The fact that the studies included in this review were not appraised for their quality constitutes another limitation to this synthesis. As THC evaluations become increasingly available, it would be important to identify good-quality studies that could serve as models for assessing cost-effectiveness.
Another important issue to consider is how to decide which indicators should be used to assess THC and how to interpret their results. Accordingly, we admit that it is difficult to determine which indicators could be generalized, since each one must be interpreted within its unique context. This includes the type of decision-maker, the project's objectives, the THC system design, the healthcare system, and others.
This review has highlighted the lack of uniformity in studies that have assessed THC costeffectiveness. The main contribution of this systematic review is to present the indicators that are mostly used to assess THC projects, their expected impact, and some evidence regarding the cost-effectiveness of THC. As a result, this study provides a starting point for decision-makers interested in THC projects.
It is also important to consider the limitations of CEA. As mentioned previously, costeffectiveness indicators are highly influenced by the type of decision-maker, and as a consequence, by the objectives, context, and study design. This certainly represents an advantage since it provides contextualized evaluation, 38 but also a limit since it is difficult to synthesize and interpret these results to provide a generalized basis for decision-making. 3 Finally, the synthesis presented here would be mostly helpful as guideline. Search strategy. THC, telehomecare. Cost-effectiveness in telehomecare. CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CWC, chronic wound care; NS, not specified.
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